In France, the regional airport's demand for services is facing challenges due to the continuous expansion of the high-speed train, high-speed line, and highway networks. This study focuses on the viability of regional airports in France through technical efficiency using data envelopment, principle component analysis, Malmquist productivity index, and regression analysis using bootstrapping. To face the current competitive environment, the regional airports in France adopted strategies, such as the construction of low-cost carrier (LCC) dedicated terminals (LCCTs) with lower expenses to attract more LCCs, increasing non-aeronautical revenue, and hosting regional hubs of LCCs. This is the first study that analyzes all of the French regional airports. The findings indicate that the existence of LCCTs positively affects technical efficiency on the airport's performance, and share of LCCs at a regional airport leads to neither the efficiency nor the profit level.
Introduction
An efficiency (or performance) measurement of an airport's management and operations is one of the critical issues to ensure that resources are used efficiently [1] and to verify that policies are applied effectively. The major issues of policy effectiveness are privatization [2] , corporatization [3] , regionalization [4] , over-investment in regional airports [5] , mode of airport governance [6] , ownership [7] , and economic regulation [8] . Some researchers have analyzed airports and measured their efficiency and effectiveness with different regional scopes, such as the major hub airports of the world [9] or airports on continents, such as Europe [10] , Latin America [11] , Asia [12] and Northeast Asia [13] . Other researchers have examined countries like the United States [14] , Britain [15] , France [1] , Italy [16] , Spain [3] , China [17] , Japan [5] , Korea [18] , and Brazil [6] .
This measurement gives insight into the operating characteristics and performance (efficiency) of airports [10] . Airport management and operations vary widely by country, size, location, demand, airline, and competitive environment, especially substitute transport modes. The presence of an efficient surface transportation alternative, such as High-Speed Trains (HST), High-Speed Line (HSL), and expansion highways, has created pressure on airlines and airport terminals [19] . Particularly, the HST has a strong negative impact on domestic air markets [20] . Airports are also recognized as having a catalytic effect on economic growth and investment, and they compete for airline services to ensure global connectivity for the communities they serve [8] . This study focuses on the viability of regional airports in France that provide global or regional connectivity, considering technical efficiency (TE) as a performance measurement, how other variables influence efficiency, and how efficiency changes operations. The variables include recent drivers of change, such as a change in the source of airport revenue, labor productivity, operational cost-effectiveness, a decline of state control [21] , presence or ratio of low-cost carriers (LCCs) [22] , and LCC dedicated terminals (LCCTs); and the variables show how various factors influence the use of airports in France. This paper is organized as follows: Section 2 describes French airports and privatization. Section 3 DOM-TOM airports from 2011 to 2014 (see Table 3 ). The annual growth rate is due in large part to the growth rate of LCC traffic, which was 13.7% of the Large airports despite rates of 2.8% in Paris and -3.9% for other airports (including Middle, Small, and Others) in 2011/2012. The state-owned regional airports in France are managed exclusively under concession agreements by the Chambers of Commerce and Industry (Chambres de Commerce et d'Industrie, CCI), which are public entities in charge of the promotion of the local economy. The French Government owns at least 60% of the airports, CCIs at least 25%, and local government 15%. The law established on August 13, 2004 , decentralized airport ownership to improve competency by creating companies, particularly local public entities (CCIs), to own, manage, and operate airports at the regional level [23] . The law established on April 20, 2005, focused on modernizing and enhancing the competitiveness of state-owned airports through corporatization and privatization.
The legal status of the Paris Airport (Aéroport de Paris, ADP) changed from a public entity to a private company and is now listed on the Paris stock exchange; full privatization was planned through selling the government's 50.6% stake [24] . The main challenge for the French airports is the privatization that has been focused on Paris (ADP) and major regional airports (BOD, LYS, NCE, TLS) for some years [25, 26] . The long-awaited privatization is in the process of turning over the state-owned shares of regional airports to the private sector, mainly French companies, and of ADP to the public. The purpose of privatization is to secure viability by improving the airports' efficiency and competitiveness, as well as avoiding the financial burdens associated with subsidizing airport capital and expenses. The concession agreements for eight Large airports 3 (Bordeaux; BOD, Toulouse; TLS, Nice; NCE, Montpellier; MPL, Marseille; MRS, Lyon; LYS, Strasbourg; SXB, Nantes; NTE) and one DOM-TOM airport (Martinique; FDF) were transferred 3 Except for the Bale-Mulhouse airport (BSL), which is operated jointly by two countries, France and Switzerland, for three countries including Germany. to airport management companies from 2007 to 2014. The transfers include satellite airports of Large airports, such as Aix-les-Milles, Marignane-Berre, Saint-Nazaire-Motoir, Cannes-Mandelieu, and Lyon-Bron [25, 27] .
Decree number 2014-795 issued on July 11, 2014, privatized the TLS airport, representing 49.99% of the French state's stake. The TLS airport's managing company, Aéroport de Toulouse-Blagnac (ATB), bought the stake in 2015 [23, 26] . Based on the Macron Law established on August 6, 2015, by the provision of the ordinance of August 20, 2014, the French state would sell the majority of the share capital of publicly-owned companies in the private sector if the number of employees exceeded 500 or turnover exceeded €75 m [25] . For many years, government-owned and controlled airports have shifted toward private sector funding through partial or full privatization of airports [28] . The LYS and NCE airports are the candidate airports for selling the state-owned share (60%) to a private company. LYS was sold to a Vinci airport consortium for the value of €535 m in July 2016 [29] .
Research Methodology
We collected data from all the regional airports (99) in France from 2006 to 2012 [30, 31] , excluding two airports in Paris to avoid the heterogeneity that they would impose on the dataset [1] .
This study includes data on 535 total observations from 2006 to 2012, 433 (81%) observations of valid data for DEA, and the principal component analysis (PCA) with at least one input and one output for each airport.
DEA-PCA and Malmquist productivity index
We used a three-stage model where we computed the annual technical efficiency (TE) in the first stage, applying the data envelopment analysis (DEA). The DEA produces airports' TE varying from 0 to 1 using inputs and outputs. For a decision-making unit (DMU), an efficiency value equal to one indicates high efficiency. The minimum number of DMU observations should be greater Table 4 ). However, we included some financial and proxy data to compensate for these shortcomings.
In the second stage, PCA is used to increase discrimination among the DMU efficiency scores.
To improve the discriminatory power of the DEA results, the DEA and PCA are combined [33, 34, 35, 36] . The PCA ranking procedure is based on the ratios of the individual inputs and outputs and is defined as follows: 
 is a scalar and  is an n x 1 vector. The DEA results always satisfy the condition that 0 h or  of VRS is greater than or equal to 0 h or  of CRS. For various reasons, the application of DEA in airport efficiency studies has focused on the input rather than the output-oriented equation [38] .
One possible reason for this finding is that greater control is possible over input variables [6] than output variables, given restrictions on the maximum number of aircraft and passenger movements Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 September 2019 doi:10.20944/preprints201909.0053.v1
allowed by the government [10] . However, the rankings of DMUs are not the same when we use different DEA methods. Deregulation of the airport market has stimulated maximization of output with the given input. Therefore, we have 71 different DEA results from four DEA methods (input-oriented, output-oriented, CRS, and VRS) and 25 different combinations of one to five input and output variables. Additionally, we applied PCA to the 71 different DEA results to improve the discriminatory power, obtain more stable and objective technical efficiency of all the regional airports in France, and offer more results to measure efficiency. When we combine DEA and PCA, the data variation is narrower than in DEA alone, from 0.7542 to 0.8472 (see Table 5 ).
Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 September 2019 doi:10.20944/preprints201909.0053.v1 In the third stage, based on the first and second steps, we applied the Malmquist Productivity Index (MPI) to compute the total factor productivity change (TFPC), which can be decomposed into technical change (TC) and TE change (TEC) of each airport. Productivity and technical change can be measured in several ways. The Malmquist index was first presented in a consumer theory context [39] and later for productivity analyses [40] . The index is as a geometric mean of two 
(2). The TEC (1) can decompose PEC and SEC as follows:
is a distance function for VRS during the period t. Using Equations 1 and 2, we could get TEC ) ( (7) . This research uses both CRS and VRS (see Figure 2) . Therefore, the PEC
(9) , and TC 
DEA-PCA and Malmquist productivity index results
The TE result of DEA-PCA for 87 of the 99 French regional airports with valid data is for more than two years. The NCE airport shows a high efficiency (0.8005) and is the only airport with over Therefore, statistically, the regional airports in France could be classified into four different groups, namely, Large, Middle/DOM-TOM, Small, and Other airports. Figure 3 shows the changes in pooled TE from 2006 to 2012. Notably, only the efficiency of the Large airport group shows an increase after 2008. With Equations 8, 9, and 10, we find the PEC, SEC, TC, and TFPC, as shown in 
Interpretation and Implications: Focusing on LCCs and LCCTs

Interpretation of pooled TE results
DEA-PCA clarifies the TE of the regional airports in France. However, the DEA does not identify the reasons for the efficiency; it only directs attention to the units in which inefficiency exists [1] .
In this section, we examine which variables influence the DEA-PCA results. The dependent variable is the DEA-PCA result, = − , where for an airport increases as the airport gets a lower DEA-PCA efficiency score. is observed through the
where is the independent variable (IV) vector. The parameters of the model are estimated using the ordinary least square (OLS) method and bootstrapping. The IVs are labor productivity 4 (ln_WLU_Emp), cost-effectiveness 5 (Ln_Op_WLU), the ratio of aeronautical over non-aeronautical revenue (ln_A_NA), the percentage of LCCs' movement (ln_LCC), and a 4 WLU over number of employees. 5 Total cost over WLU. In this study, we applied operational costs instead of total cost of airports because of data availability.
dummy variable for the existence of an LCCT. Next, we test multicollinearity, which measures how much the variance of the estimated regression coefficient is inflated due to the correlation of variables. A variance inflation factor (VIF) is applied to detect the multicollinearity of IVs (predictors) in the regression analysis. The VIFs are usually calculated by [1/(1-R i 2 )] with ith independent variables. Some researchers point out that a VIF above 10 indicates a high correlation, less than 10 is acceptable [42] , five as the maximum level of VIF [43] , and some conservatives take 2.5 [44] . We use 2.5 as the maximum level of VIF to analyze the hypotheses. The regression result obtained from the bootstrapping test is shown in Table 8 . The bootstrapping method can be used to quantify the uncertainty associated with a given estimator or statistical learning method [45] instead of the t-value of OLS. This result indicates that the variables ln_WLU-EMP and LCCT are significantly negative. The variable of ln_Op_WLU is significantly positive. The variable of LCC and non-aeronautical revenue is not insignificant. According to the Airports Council .000** R 2 =0.736 (F-test 76.011**); ** Significant at α = 0.001; * Significant at α = 0.05 (1) 1,000 bootstrap samples International-North America, non-aeronautical revenues critically determine the financial viability of an airport because these revenue sources tend to generate higher profit margins in comparison with aeronautical activities [46] . The research shows that the non-aeronautical (NA) revenue is not a major factor that increases technical efficiency. In 2012, the aeronautical revenue for the French regional airports was still 1.84 times greater than the NA, while the ratio for all of the U.S. airports was 1.23 in 2012 [46] . This indicates that labor productivity (ln_WLU-EMP) and the existence of LCCT (LYS, MRS, and BOD) positively affect technical efficiency. The operational cost-effectiveness has a negative impact. Thus, this finding proves that lower operational costs (ln_Op_WLU) yield a higher TE. The LCCs' occupancy ratio does not influence airports' efficiency.
LCCT and French regional airports
In France, the air transport demand of the regional airports is facing challenges due to the continuous expansion of the high-speed train (HST), the high speed line, and highway networks. The French airport has allowed differentiated airport charges between various terminals that have encouraged the use of LCCTs [22] . When LCCs use an LCCT, passengers and carriers can reduce their transportation costs from 70% to 25% [48] . The LCCT provides a short moving distance with a one-story building, reduced parking charge, and other creative ideas to lower the costs [47, 48] . Due to the ongoing expansion of the HST, HSL, and highways under the Trans European Transport Network's (TEN-T) policy to maintain the European Union's competitiveness and wealth, the French regional airports face difficulties securing demand for their facilities, particularly the Large airports with high traffic to/from Paris. However, the dramatic growth of Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 September 2019 doi:10.20944/preprints201909.0053.v1
LCCs following the integration of Europe has provided a substantial boost in demand to/from foreign countries for regional airports in France as well as in Europe. This allows the airports to serve as regional bases of operation for LCCs, such as MRS, and Bergamo airport in Italy for Ryanair, BSL for EasyJet, and BOD, NTE and SXB for Volotea. Through the HST, HSL, and highway connections, the regional airports in France connect cities to nearby airports and act as regional hubs for the Large airports. These connections are why the Middle, Small, and Other airports suffer a shortage of demand.
LCCs for the regional airports in Europe guarantee long-term passenger growth in exchange for lower costs; increased employment; increased commercial revenues; improved cost efficiency, and recovery of fixed costs with the profit generated [49] . Even though LCCs offer several benefits to regional airports in Europe, as we discussed in section 4.1, LCCs do not necessarily increase the efficiency or profit of the regional airports in France, particularly the Middle, Small, and Other airports. The Middle airports in France (FNI) face a worsening financial situation because of the power of LCCs, especially by Ryanair [1] . If the French regional airports depend mainly on LCCs or one major LCC, it would be difficult to assure their viability regarding efficiency and financial productivity. The total subsidies to the regional airports in France amount to approximately €252.7 million (4.2% of total operating costs) from 2006 to 2012. The subsidies focus on the DOM-TOM airports (€101.9 million, 40.3% of total), followed by Large (€59.9 million, 23.7%), Middle (€40.5 million, 16%), Other (€39.8 million, 13.8%) and Small (€10.6 million, 4.2%). The amount of subsidies per traffic (WLU) is highly concentrated on Other airports (€104.46 per WLU) and the DOM-TOM airports (€16. 38) . Considerable attention has focused on the future of the DOM-TOM, Middle, Small, and Other regional airports in France. Their efficiency and operational/financial performance are much lower than the Large airports, and their contribution regarding passenger and cargo handling is far lower as well. Of 60 (55%) French regional airports, 15 Small, and 18
Viability of regional airports in France
Other airports handled 4.3% of traffic (341,701 WLUs), and they handled 2.1% of the total traffic for all the French airports in 2012. However, the state subsidies are concentrated on these airports.
The airports provide some benefit to residents using high-speed transport modes. However, if other transport modes are sufficient for connections, such as HST and highways, the reasons for the existence of Small and Other airports should be considered based on a cost-benefit analysis.
Conclusion, Limitations, and Recommendations
This study applied the DEA and PCA methods to measure the technical efficiency of French regional airports from 2006 to 2012, analyzed the TFPC using the MPI from 2008 to 2012, and regression analysis using bootstrapping to find which factors influence airport efficiency. We find that three Paris airports and nine Large airports handled more than 95% of total passengers in France, and the 90 Other airports handled less than 5%. The Large airport category leads the TE because of the LCCs, particularly for the airports that are largely dependent on LCCs. However, the volume of LCCs leads neither to the efficiency nor the profit level of airports. These findings lead to the question of why the French regional airports invite LCCs if they lose money. Future research could investigate the level of service for customers and the impact on the regional economy.
Presumably, LCCs could provide customer benefits and stimulate the local economy. Thus, more studies are needed on the general welfare associated with LCCs at the French regional airports. The BVA airport is slightly different from the other airports, handling more than 80% of LCCs (CCF, EGC, LRH, BZR, FNI, XCR, DNR, and TUF) due to its proximity to Paris where sufficient demand exists.
In this research, we found that the Large airport group has higher TE than the other airport groups and is increasing efficiency. Moreover, the French Government is attempting to privatize Large airports to guarantee competitiveness. We also find that other airport groups, such as the DOM-TOM, Middle, Small, and Others, which have low levels of TE, are not focusing on the improvement of efficiency or productivity even though more than 75% of the government subsidies support them. Privatization would be a major contributor to the viability of the French regional airports. An LCCT could invite more LCCs to connect with other cities in Europe and reduce airlines' operational costs as well as increase non-aeronautical revenue and improve labor productivity.
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